The interaction of energetic ions with matter is responsible for many of the processes by which the elements were synthesized, energy is generated in stars, interstellar grains are destroyed, and molecules are created in space. All of these processes are amenable to simulation in the laboratory using accelerated ion beams, which allows us a more comprehensive understanding of Nature than we could obtain by observation alone. In addition, ion beam techniques are extremely useful in the determination of the elemental and isotopic abundances that arise from astrophysical nuclear synthesis.
Introduction
To the best of our knowledge most of the chemical elements were created in the big bangl or in the interiors of stars. 2 The nuclear reactions that cause this synthesis also provide the energy that drives most stellar processes, and the accumulated reaction products and the depletion of nuclear fuel species determine the timetable for stellar evolution. The interaction of energetic ions coming from stars (stellar wind, flare particles, and shock waves from explosions) interact with matter in the interstellar medium to produce other elements, to cause the modification or destruction of grains by sputtering, and to generate the hot collisional or implantation chemistry that may be responsible for the creation of simple and complex molecules in space.
We can simulate virtually all of these processes that occur through the interaction of accelerated ions with matter. This simulation provides one of the three sources of information that are essential to obtaining a more complete understanding of Nature. The other two sources upon which we depend are direct observation of astrophysical processes and theoretical models of the astrophysical environment that allow laboratory measurements to be extrapolated to the appropriate conditions. Through the interaction of these three intellectual activities we have made considerable progress; further improvements through laboratory simulation seem particularly promising at the present time.
Synthesis of the Elements
Although the short duration of the big bang precluded the complete production of the heavier elements, the temperatures and densities reached led to the creation of the hydrogen and helium isotopes.1 The agglomeration of these seed materials into stars produced the sites for further element building. As a cloud of hydrogen and helium collapses, the increasing density and temperature allow the hydrogen burning cycles to occur. The proton-proton chain in smaller or i, first generation stars starts with protons and makes 4He through a series of P+ decays, radiative capture reactions, and charged particle exothermic reactions. At some point during this stage of rapid evolution the nuclear burning can become explosive, leading to a supernova. Much of the current effort in theory is involved in trying to determine more accurately the conditions under which this occurs and what remnant is left after the explosion -white dwarf, neutron star, or black hole.8 The explosion expels into space the nuclear products of the star's evolution, where they become the material out of which younger stars form. Thus, the "universal" elemental abundances we observe are the result of considerable previous processing.
In addition to the reactions that take place inside stars, some of the elements seem to have been made by the interaction of high energy particles (like cosmic rays) with matter in the interstellar medium. Such reactions are thought to be responsible for the synthesis of 6Li, 9Be, and IO1%IB, which are too easily destroyed by (p,c) reactions in stars to have been created there. 9 It is sufficiently well known how nuclear reaction measurements in the laboratory can be extrapolated to energies appropriate to stellar environments10 that I shall not discuss it here -preferring to concentrate on liewer areas of simulation.
Elemental Abundances
Much of our knowledge of elemental abundances comes from the observations of lines in stellar spectra corresponding to atomic transitions. Until recently the absolute strengths of these transitions could not be determined reliably with standard spectroscopic techniques. An elegant solution was provided by the use of beam-foil techniques to measure the lifetimes of the atomic states, the inverses of which give the required transition strengths. Tn these measurements an accelerated beam of ions of an element is passed through a thin foil; the lifetimes of the resulting population of excited atoms and ions are determined from the distance they travel before decaying. fully. 13 The lithium was extracted from the material by conventional cation exchange techniques, and the targets were prepared on metal backings from the resulting LiC104. An alpha particle energy spectrum is shown in figure 1 for the lithium extracted from a terrestrial rock. The lithium isotopic ratios for several meteorites are given in table 2. These ratios are very close to those observed in terrestrial samples. It has been demonstrated in simulation experiments that calcium sputtered from mineral targets showed isotopic fractionation.17 These data can be explained by a theoretical model that also predicts how meteoritic materials would be affected.18,19 The patterns calculated for melilite (Ca2MgSi207) are shown in figure 3 . The fractionation (6) and the deviation (t) of a linear extrapolation from the lightest isotopes are presented. The anomalies (deviations from linear fractionation) are comparable to those typically observed in meteorites for Si, somewhat smaller than those observed for 0 and Mg, and much smaller than the Ca observations. Sputtering of grains would certainly have occurred in the evolving solar nebula, and it is even more likely that shock waves from a supernova would have sputtered grains in the interstellar medium. It is, there- fore, especially important to make careful laboratory measurements of isotopic fractionation from sputtering in order to understand the conditions under which such effects can arise and to be able to separate them from the effects of nuclear reactions.
Synthesis of Molecules
The synthesis of many molecules observed in interstellar space cannot have been the result of binary collisions. Thus, one requires sites where atoms can be collected in order that they have a finite probability for interaction and subsequent combination. The small grains that are observed in space from the extinction of starlight provide just such sites. As discussed in the previous section, if such grains are exposed to stellar winds, then atoms like hydrogen and carbon are constantly striking their surfaces.
In recent simulation studies Bibring et al., have shown that after implantation of carbon and hydrogen ions into SiO2, molecular bands for CO, C02, and hydrocarbon 0were observed in situ by infrared spectroscopy.
The concentrations of molecular products depend on the fluences of the bombarding particles; the molecular bands observed have characteristics that are sufficiently different that they can be distinguished from the corresponding gaseous species. It is clear that these results represent the very beginning of a particularly exciting field of accelerator based laboratory simulation. Obviously, one would very much like to extend these experiments to see whether more complicated molecules can be made in the same way.
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Conclus ions
I have tried to list in this talk a number of phenomena that involve accelerated ions, which include the creation of the elements and the synthesis of organic molecules in space. From these examples it is clear that we have an incredibly rich field for exploitation by laboratory simulation experiments. For the most part, the experimental facilities are extremely modest and the experiments are easily feasible for both undergraduate and graduate student projects. But the most important characteristic of this work is the intellectual excitement that comes from duplication in the laboratory those processes that have driven cosmic evolution.
